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© Light irradiating apparatus having light emitting diode used as light source. 
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© A light source (1) constituted by a plurality of 
light emitting units (2) which are arranged opposite 
to a light irradiating lens (3) such that light emission 
(4) from a part of the light source is changed to light 
emission (5) from the whole surface of the light 
source and vice versa is disclosed. In addition, a 
light irradiating apparatus having a light emitting 
diode used therefor as a light source wherein optical 
fiber(s) are laid between the light emitting diode and 
a light emitting lens such that a light emitted from 
the light emitting diode can be conducted to the light 
irradiating lens is disclosed. One end of each optical 
fiber is located at the position in the vicinity, of the 
light emitting diode and other end of the same is 
located at the position substantially coincident with 
the focus of the light irradiating lens. Additionally, an 
optical fiber employable for an optical radar system 
wherein an outlet end of the optical fiber is formed 
by two inclined surfaces in a wedge-shaped configu- 



ration is disclosed. An inlet end of the optical fiber is 
formed at a right angle relative to an optical axis of 
the optical fiber. 

FIG. 2 
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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

The present invention relates generally to a 
light irradiating apparatus. More particularly, the 
present invention relates to a light irradiating ap- 
paratus having light emitting diode(s) used therefor 
as a light source for projecting a substantially par- 
allel light onto a screen or the like. In addition, the 
present invention relates to a light source prefer- 
ably employable for an optical radar system. Addi- 
tionally, the present invention relates to an optical 
fiber preferably employable for the optical radar 
system. 

2. DESCRIPTION OF THE RELATED ART 

To facilitate understanding of the present in- 
vention, a conventional optical radar system as well 
as a conventional light irradiating apparatus having 
a light emitting diode used therefor as a light 
source will briefly be described below with refer- 
ence to Fig. 15 to Fig. 17. 

Fig. 15 is a schematic side view of a conven- 
tional optical radar system which has been devel- 
oped as an apparatus for measuring a distance 
from a motorcar running ahead of a rear motorcar. 
In the drawing, reference numeral 1A designates a 
light source, reference numeral 3A designates a 
light irradiating lens and reference numeral 4A des- 
ignates an emitted light. 

Usually, the light source 1A having a certain 
small surface is arranged at the position coincident 
with the focus of the light irradiating lens 3A. Thus, 
the light outputted from the light source 1A be- 
comes an emitted light 4A which propagates while 
gradually radially expanding after it has permeated 
through the light irradiating lens 3A. When the 
motorcar running ahead of the rear motorcar is 
located remote from the rear motorcar, the emitted 
light 4A sufficiently radially expands during its 
propagation, whereby a reflective plate mounted on 
the rear part of the motorcar running ahead of the 
rear motorcar is reliably illuminated with the emit- 
ted light 4A. With the conventional optical radar 
system constructed in the above-described man- 
ner, the motorcar running ahead of the rear motor- 
car can visually be recognized by a diver on the 
rear motorcar, and moreover, a distance between 
both the motorcars can be measured with excellent 
accuracy by measuring the time that elapses from 
the point of time when the light is reflected at the 
reflective plate til! the point of time when the re- 
flected light returns to the rear motorcar, by using 
suitable measuring means mounted on the rear 
motorcar. 

However, when the distance between both the 



motorcars is short, the emitted light 4A hardly 
expands in the radial direction. For this reason, 
there arises an occasion that the reflective plate on 
the motorcar running ahead of the rear motorcar is 

5 not illuminated with the emitted light 4A depending 
on the positional relationship between both the 
motorcars. It is obvious that the motorcar running 
ahead of the rear motorcar fails to be visually 
recognized by the driver on the rear motorcar and 

10 the distance between both the motorcars can not 
be measured by any means. 

Fig. 16 is a schematic side view of a conven- 
tional light emitting apparatus having a light emit- 
ting diode used therefor as a light source 

is , (hereinafter referred to simply as a LED light emit- 
ting apparatus) for projecting a substantially parallel 
light onto a screen or the like while a light emitting 
diode is used as a light source. In the drawing, 
reference numeral 1B designates a light emitting 

20 diode light source (hereinafter referred to simply as 
a LED light source), reference numeral 3B des- 
ignates a light irradiating lens, reference numeral 
4B designates an emitted light and reference nu- 
meral 5B designates a screen. 

25 With respect to the LED light source 1B for 

emitting a light from the whole surface thereof, a 
difference in optical intensity of the emitted light 4A 
arises depending on the positions where wire 
bonding portions and tip end portions are arranged. 

30 For this reason, even when the emitted light beam 
4B outputted from the LED light source 1B is 
transformed into a substantially parallel light via the 
light irradiating lens 3B, the light 4B having fluc- 
tuation in optical intensity thereof is projected onto 

35 the screen 5B or the like while it is adversely 
affected by a pattern of emission of the light 4B 
from the LED light source 1B. In addition, since the 
LED light source 1B has a large light emission 
angle, an optical system associated with the light 

40 irradiating lens 3B becomes unavoidably compli- 
cated in structure when the emitted light 4B is 
intended to be transformed into a substantially- par- 
allel light at a high optical efficiency. 

Fig. 17 is a schematic side view of a conven- 

45 tional optical radar system for which a conventional 
optical fiber is used. The optical fiber 1C is ba- 
sically constructed by a core portion 31 C having a 
relatively large refractive index and a peripheral 
clad portion 32C having a relatively small refractive 

so index, and the light L introduced into the optical 
fiber 1C via an inlet port 33C linearly propagates 
through the core portion 3C in parallel with an 
optical axis 14 of the optical fiber 1C or propagates 
therethrough while repeating reflection along the 

55 full length of the boundary between the core por- 
tion 31 C and the clad portion 32C to reach an 
outlet port 15C. Thereafter, the light L is irradiated 
from the outlet port 15C formed at a right angle 
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relative to the optical axis 14 of the optical fiber 1C 
to the outside while expanding conically. 

An angle with which the light L can be irradi- 
ated from the outlet port 1 5C of the optical fiber 1 C 
is determined depending on the reflective index of 
the core portion 31 C, the refractive index of the 
clad portion 32C or the like. Since the light L is 
conically irradiated at any rate, when the optical 
fiber 1C is used for an optical radar system, a 
motorcar 6 running ahead of a rear motorcar (not 
shown) is illuminated with a circular pattern so that 
a reflective plate 7 mounted on the rear part of the 
motorcar 6 is reliably illuminated with the conically 
expanded irradiated light. 

While the motorcar 6 runs in the forward direc- 
tion on the road surface, it is necessary that the 
light L is irradiated with a large angle as seen in 
the leftward/ rightward direction but it is not neces- 
sary that the light L is irradiated with a large angle 
as seen in the upward/ downward direction. In other 
words, a part of the light L excessively irradiated in 
the upward/downward direction becomes useless. 
This leads to a problem that a quantity of the light 
irradiated to the reflective plate 7 on the motorcar 6 
to illuminate the same becomes short. 

In view of the foregoing problem, there have 
been hitherto raised many requests for providing a 
LED light irradiating apparatus which assures that a 
light can be emitted from a LED light source with 
an uniform optical intensity of the emitted light but 
without fluctuation of distribution of the optical in- 
tensity of the same attributable to a pattern of 
emission of the light from the LED light source. 

SUMMARY OF THE INVENTION 

The present invention has been made with the 
aforementioned background in mind. 

An object of the present invention is to provide 
a light source which assures that light emission 
from a part of the light source can be changed to 
light emission from the whole surface of the light 
source, and vice versa. 

Other object of the present invention is to pro- 
vide a light irradiating apparatus having light emit- 
ting diode(s) used therefor as a light source which 
assures that a light can be emitted from the light 
source with an uniform optical intensity of irradiated 
light while the emitted light is transformed into a 
parallel light. 

Another object of the present invention is to 
provide an optical fiber preferably employable for 
an optical radar system. 

According to a first aspect of the present in- 
vention, there is provided a light source constituted 
by a plurality of light emitting units, wherein the 
light emitting units are arranged opposite to a light 
irradiating lens such that light emission from a part 



of the light source can be changed to light emis- 
sion from the whole surface of the light source, and 
vice versa. 

According to a second aspect of the present 

5 invention, there is provided a light irradiating ap- 
paratus having a light emitting diode used therefor 
as a light source, wherein an optical fiber is laid 
between the light emitting diode and a light irradiat- 
ing lens such that a light emitted from the light 

io emitting diode can be conducted to the light irra- 
diating lens. 

According to a third aspect of the present 
invention, there is provided a light irradiating ap- 
paratus having a light emitting diode used therefor 

75 . as a light source, wherein a plurality of optical 
fibers are laid between the light emitting diode and 
a light irradiating lens such that a light emitted from 
the light emitting diode can be conducted to the 
light irradiating lens. 

20 With the light irradiating apparatus constructed 

in the above-described manner, one end of each 
optical fiber is located at the position in the vicinity 
of the light emitting diode and other end of the 
same is located at the position substantially co- 

25 incident with the focus of the light irradiating lens. 

It is preferable that the optical fibers are ar- 
ranged in a laminated structure such that they do 
no intersect each; other. 

Alternatively, the optical fibers may be ar- 

30 ranged in an eddy current-shaped configuration 
such that they intersect each other. 

According to a fourth aspect of the present 
invention, there is provided a light irradiating ap- 
paratus having a plurality of light emitting diodes 

35 used therefor as a light source, wherein an optical 
fiber is divided into a plurality of optical fiber por- 
tions each having an inlet port at the foremost end 
thereof, each of the light emitting diodes being 
located opposite to the inlet port of each of the 

40 optical fiber portions. 

With the light irradiating apparatus constructed 
as described above, the optical fiber has a single 
outlet port which is located opposite to a light 
irradiating lens. 

45 Since the emitted lights from the LED light 

sources are introduced into the optical fiber por- 
tions via the plural inlet ports thereof and propagate 
through the optical fiber to reach the single outlet 
port, a quantity of the irradiated lights at the outlet 

50 port is increased substantially. 

According to a fifth aspect of the present in- 
vention, there is provided an optical fiber preferably 
employable for an optical radar system, wherein an 
outlet end of the optical fiber is formed by two 

55 inclined surfaces in a wedge-shaped configuration. 

On the other hand, an inlet port of the optical 
fiber is formed at a right angle relative to an optical 
axis of the optical fiber. 
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With the light source constructed in accor- 
dance with the first aspect of the present invention, 
since the emitted light outputted from the light 
source located at the position coincident with the 
focus of Ihe light irradiating lens when all the light 
emitting units are simultaneously activated with a 
large working surface includes a light component 
comparative largely deviated from the optical axis 
of the light source, it becomes a wide beam having 
remarkably large radial expansion. On the contrary, 
when the emitted light outputted only from the 
central light emitting unit with a small working 
surface, the emitted light becomes a narrow beam 
having small radial expansion. Therefore, it is re- 
commendable that when a distance between two 
motorcars running one after another is long, the 
narrow beam is selectively used but when the the 
distance therebetween is short, the wide beam is 
selectively used. Since sufficiently large radial ex- 
pansion is achieved until the narrow beam reaches 
the motorcar located remote from the rear motor- 
car, a reflective plate mounted on the motorcar 
running ahead of the rear motorcar can reliably be 
illuminated with the narrow beam. 

With the LED light irradiating apparatus con- 
structed in accordance with the second aspect of 
the present invention, when the emitted light out- 
putted from the LED light source is introduced into 
the optical fiber with a various incident angle, a 
difference in length of the propagation passage 
through the optical fiber arises while inducing an 
optical phase difference during propagation of the 
emitted light through the optical fiber. This leads to 
the result that fluctuation of an optical intensity of 
the emitted light due to a pattern of light emission 
from the LED light source can be eliminated, re- 
sulting in light emission being unformalized. 

In addition, with the LED light irradiating ap- 
paratus constructed in accordance with the third 
aspect of the present aspect of the present inven- 
tion, since the emitted light outputted from the LED 
light source is conducted to the light irradiating 
fiber through a plurality of optical fibers, the irradi- 
ated light having a desired light irradiation pattern 
determined depending on the positions located op- 
posite to the outlet ends of the respective optical 
fibers is projected onto a screen or the like while 
forming a desired image thereon. When the optical 
fibers each having the emitted light intensely prop- 
agating therethrough and the optical fibers each 
having the emitted light weekly propagating there- 
through are located in the side-by -side relationship 
at the outlet end of the optical fiber located op- 
posite to the light irradiating lens, fluctuation of the 
optical intensity of the emitted light attributable to a 
pattern of light emission from the LED light source 
can be eliminated effectively. 

With the LED irradiating apparatus constructed 



in accordance with the fourth aspect of the present 
invention, the emitted light from each LED light 
source is introduced into the inlet port of each of 
the optical fiber portions branched from the optical 

5 fiber and all the emitted lights are then collected at 
the outlet end of the optical fiber. Thus, a quantity 
of the emitted light at the outlet end of the optical 
fiber is increased substantially. 

In addition, with the optical fiber constructed in 

10 accordance with the fifth aspect of the present 
invention, since the outlet end of the optical fiber is 
formed by the two inclined surfaces intersecting 
the optical axis of the optical fiber while exhibiting 
the wedge-shaped configuration, the light which 

is t has reached the outlet end of the optical fiber while 
repeating reflection along the whole length of the 
core portion of the optical fiber is irradiated from 
the two inclined surfaces with refraction toward the 
opposite inclined surface side. Thus, the lights 

20 which have been irradiated from the two inclined 
surfaces once intersect each other and then gradu- 
ally expand as they leave the outlet end of the 
optical fiber, whereby they are projected toward, 
e.g., a reflective plate on the rear end of a motorcar 

25 running ahead of a rear motorcar located suffi- 
ciently away from the outlet end of the optical fiber 
with an elliptical contour which extends at a right 
angle relative to the two inclined surfaces. 

Other objects, features and advantages of the 

30 present invention will become readily apparent 
from reading of the following description which has 
been made in conjunction with the accompanying 
drawings. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated in the fol- 
lowing drawings in which: 

Fig. 1 is a perspective view of a light source in 
40 accordance with a first embodiment of the 
present invention; 

Fig. 2 is a sectional side view of an optical radar 
system wherein the light source shown in Fig. 1 
is employed for the optical radar system; 
45 Fig. 3 schematically illustrates an advantageous 
effect derived from the light source shown in 
Fig. 1; 

Fig. 4 schematically illustrates another advanta- 
geous effect derived from the light source 

50 shown in Fig. 1; 

Fig. 5 Is a schematic sectional side view of a 
light irradiating apparatus having a light emitting 
diode used therefor as a light source (hereinafter 
referred to simply as a LED light irradiating 

55 apparatus) in accordance with a second embodi- 
ment of the present invention; 
Fig. 6 is a side view of the LED light irradiating 
apparatus shown in Fig. 5, particularly illustrat- 
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ing a case where the apparatus includes a long 
optical fibers which is circularly bent, in the 
shown case; 

Fig. 7 is a schematic side view of a LED light 
irradiating apparatus in accordance with a third 
embodiment of the present invention; 
Fig. 8 is a schematic side view of a LED light 
irradiating apparatus in accordance with a fourth 
embodiment of the present invention; 
Fig. 9 is a schematic side view of a LED light 
irradiating apparatus in accordance with a fifth 
embodiment of the present invention; 
Fig. 10 is a schematic side view of a LED light 
irradiating apparatus in accordance with a sixth 
embodiment of the present invention; 
Ftg. 11 is a schematic side view of a LED light 
irradiating apparatus in accordance with a modi- 
fied embodiment of the present invention; 
Rg. 12 is a schematic side view of a LED light 
irradiating apparatus in accordance with another 
modified embodiment of the present invention; 
Fig. 13 is a perspective view of an optical fiber 
in accordance with a seventh embodiment of the 
present invention; 

Fig. 14 is a schematic side view of an optical 
radar system for which the optical fiber shown in 
Fig. 13 is used; 

Fig. 15 is a schematic side view of a conven- 
tional optical radar system for a measuring a 
distance between both motorcars running one 
after another; 

Fig. 16 is a schematic side view of a conven- 
tional LED light irradiating apparatus using a 
light emitting diode as a light source; and 
Fig. 17 schematically illustrates a conventional 
optical fiber preferably employable for an optical 
radar system. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

■*» 

Now, the present invention will be described in 
detail hereinafter with reference to the accompany- 
ing drawings which illustrate preferred embodi- 
ments of the present invention. 

Fig. 1 is a perspective view of a light source 
employable for an optical radar system in accor- 
dance with a first embodiment of the present inven- 
tion. As shown in the drawings, the light source 
designated by reference numeral 1 is constituted 
by seven light emitting units 2 in such a manner 
that one of them is located at the central part of the 
light source 1 and the remaining six light emitting 
units 2 are circumferentially arranged around the 
central light emitting unit 2 in the side-by-side 
relationship. With the light source 1 constructed as 
described above, only the central light emitting unit 
2 may be activated. Alternatively, all the seven light 



emitting units 2 may be activated simultaneously. It 
should be noted that infrared ray emitting diodes o> 
the like are employed for the light emitting units 2. 
With respect to an optical radar system as 

5 shown in Fig. 2, the light source 1 is located at the 
position coincident to the focus of a light irradiating 
lens 3, and an emitted light 4 generated when only 
the central light emitting unit 2 is activated be- 
comes a narrow beam which advances from the 

w light source 1 while gradually radially expanding 
after it has permeated through the light irradiating 
lens 3 in the same manner as the conventional 
LED light source 1A which has been described 
above with reference to Fig. 16. On the other hand, 

15 > an emitted light 5 generated when ail the seven 
light emitting units 2 are simultaneously activated 
becomes a wide beam which advances from the 
light source 1 while largely radially expanding after 
it has permeated through the light irradiating lens 

20 3, because the light emitting section has a wide 
working surface and a some light component is 
irradiated from the position comparatively largely 
offset from an optical axis of the light source 1 . 
In a case where a distance between two motor- 

25 cars, i.e., a rear motorcar (not shown) including the 
light source 1 and a motorcar 6 running ahead of 
the rear motorcar 6 is short, e.g., 10 meters, as 
shown in Fig. 3, ;a largely radially expanding wide 
light 5 is emitted from the light source 1 by activat- 

30 ing all the seven light emitting units 2 so that a 
wide range inclusive of a reflective plate 7 mounted 
the rear end of the motorcar 6 is illuminated with 
the wide beam. On the contrary, in a case where a 
distance between the two motorcars is sufficiently 

35 long as shown in Fig. 4, only the central light 
emitting unit 2 is activated to generate a slightly 
radially expanding narrow beam 4. In this case, 
since the narrow beam 4 has sufficiently large 
radial expansion until it reaches the motorcar 6 

40 running ahead of the rear motorcar, the reflective 
plate 7 on the rear end of the motorcar 6 can 
reliably be illuminated even with the narrow beam 
4. 

As is apparent from the above description, 
45 when the light source 1 of the present invention is 
employed for an optical radar system, the motorcar 
6 running ahead of the rear motorcar can reliably 
visually be sensed by a driver on the rear motorcar 
regardless of a distance between the two motor- 
50 cars by properly changing the working surface of 
the light emitting section of the light source 1 
depending on the distance between the two motor- 
cars. In addition, if the time that elapses from the 
point of time when the light beam is reflected from 
55 the reflective plate 7 on the rear end of the motor- 
car 6 till the point of time when the reflected light 
returns to suitable measuring means on the rear 
motorcar can be measured by this measuring 

5 
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means, the distance between the two motorcars 
can be determined with high accuracy. 

It should be noted that the present invention 
should not be limited only to the first embodiment 
thereof but the number of light emitting units 2 and 
a manner of arranging them may be determined in 
proper consideration of various working conditions. 
In addition to the case where the light source of the 
present invention is employed for an optical radar 
system as mentioned above, it may be used not 
only as a light source for a conventional light 
irradiating device or apparatus but also as a light 
source for a conventional lamp. 

Next, a second embodiment of the present 
invention will be described below with reference to 
Fig, 5 and Fig. 6. 

Fig. 5 is a schematic side view of a light 
irradiating apparatus having a light emitting diode 
used therefor as a light source (hereinafter referred 
to simply as a LED light irradiating apparatus) in 
accordance with the second embodiment of the 
present invention. As shown in the drawing, an 
optical fiber 10 is laid between a light emitting 
diode light source (hereinafter referred to simply as 
a LED light source) 8 and a light irradiating lens 9 
so that an emitted light 11 from the LED light 
source 8 can be conducted to the light irradiating 
lens 9 through the optical fiber 1. 

The optical fiber 10 itself is well known by any 
expert in the art. Specifically, the optical fiber 10 is 
constituted by a core portion 31 having a relatively 
targe refractive index and a clad portion 32 having 
a relatively small refractive index, and one end of 
the optical fiber 10 is located at the position in the 
vicinity of the LED light source 8, while other end 
of the same is located at the position substantially 
coincident to the focus of the light irradiating lens 
9. In the drawing, reference numeral 35 designates 
an apex of an aperture angle at an outlet port 34 of 
the optical fiber 10. Thus, the optical fiber 10 is 
arranged such that the apex 35 positionally co- 
incides with the focus of the light irradiating lens 9. 

With the LED light irradiating apparatus con- 
structed as described above, the emitted light 11 
from the working surface of the LED light source 8 
is introduced into the optical fiber 10 via an inlet 
port 33 and then propagates to the outlet port 34 
while repeating reflection along the full length of 
the core portion 31. As the emitted light 11 is 
introduced into the optical fiber 10 with a various 
incident angle, optical phase deviation occurs with 
the optical fiber 10 during propagation of the emit- 
ted light 11 through the optical fiber 10 due to a 
difference in length of a propagation passage of the 
emitted light 11 through the optical fiber 10. There- 
fore, since fluctuation in an optical intensity of the 
emitted light 11 at the inlet port 33 of the optical 
fiber 10 due to a pattern of generating the emitted 



light 11 at the LED light source 8 is correctly 
compensated at the outlet port 34 of the optical 
fiber 10 so that the optical intensity of the emitted 
light 1 1 is unformalized at the outlet port 34 of the 

5 same, projection of the emitted light 11 onto a 
screen 12 or the like via the light irradiating lens 9 
is accomplished with uniform distribution of the 
optical intensity. 

I] should be noted that when a multimode 

w optical fiber including a core portion having a larger 
diameter is substituted for the optical fiber 10, the 
number of modes for propagation of the emitted 
light 11 can be increased, and mode joint and 
mode variation frequently take place among the 

75 t respective modes, resulting in uniform distribution 
of the optical intensity of the emitted light 1 1 at the 
outlet port 34 of the optical fiber 10 being largely 
promoted. In addition, to assure that mode joint 
and mode variation more positively take place with 

20 the optical fiber 10, the optical fiber 10 may be 
elongated. Alternatively, the optical fiber 10 may be 
bent to assume a loop-shaped configuration, as 
shown in Fig. 6. 

Next, a third embodiment of the present inven- 

25 tion will be described below with reference to Fig. 
7. 

Fig. 7 is a schematic side view of a LED light 
irradiating apparatus in accordance with the third 
embodiment of the present invention. A bundle of 

30 optical fibers 10 is laid between a LED light source 
8 and a light irradiating lens 9 so that an emitted 
light 11 from the LED light source 8 can be con- 
ducted to a light irradiating lens 9 through the 
optical fibers 10. Each optical fiber 10 is con- 

35 stituted by a core portion having a relatively large 
refractive index and a clad portion having a rela- 
tively smaller refractive index, and one end of the 
optical fiber 10 is located opposite to a light emit- 
ting section of the LED light source 8 to serve as 

40 an inlet port 33, while other end of the same is 
located at the position substantially coincident with 
the focus of a light irradiating lens 9 to serve as an 
outlet port 34. In addition, the central part of the 
bundled optical fibers 10 at their outlet ports 34 is 

45 located at the position coincident with the focus of 
the light irradiating lens 9. 

With the LED light irradiating apparatus con- 
structed as described above, an emitted light 11 
from the LED light source 8 is introduced into the 

50 . bundled optical fibers 10 via their inlet ports 33 
located opposite to the LED light source 8 and then 
propagates while repeating reflection along the full 
length of each core portion until it reaches the 
outlet ports 34. Since the central part of the bun- 

55 died optical fibers 10 at their outlet ports 34 is 
located at the position coincident with the focus of 
the light irradiating lens 9, the light 11A irradiated 
from the outlet ports 34 of the optical fibers 10 is 
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transformed into a parallel light while propagating 
through the light irradiating lens 9 so that the 
parallel light is projected onto a screen 12 or the 
like. 

Since the emitted light 11 is introduced into 
each optical fiber 10 at a various incident angle, a 
difference in a length of each propagation passage 
of the emitted light 11 arises until it reaches the 
outlet ports 34, and moreover, optical phase de- 
viation of the emitted light 11 occurs with the 
optical fiber 1 0 during propagation of the emitted 
light 11 through the optical fibers 10. Thus, a 
difference in optical intensity of the emitted light 1 1 
attributable to a pattern of generating the emitted 
light 11 at the LED light source 8 is correctly 
compensated at the outlet ports 34, whereby the 
irradiated light 11 A is projected onto the screen 12 
or the like via the light irradiating lens 9 with 
uniform distribution of an optical intensity. 

Next, a fourth embodiment of the present in- 
vention will be described below with reference to 
Fig. 8. 

Fig. 8 is a schematic side view of a LED light 
irradiating apparatus in accordance with the fourth 
embodiment of the present invention, particularly 
illustrating by way example that a number of op- 
tical fibers 10 are arranged in a laminated structure 
without an occurrence of intersection with the op- 
tical fibers 10 between inlet ports 33 and outlet 
ports 34 thereof. Since the whole outlet ports 34 
located opposite to a light irradiating lens 9 exhibit 
a square contour, an irradiated light 11A is projec- 
ted onto a screen 12 or the like with an image 
similar to a square. 

Next, a fifth embodiment of the present inven- 
tion will be described below with reference to Fig. 
9. 

Fig. 9 is a schematic side view of a LED light 
irradiating apparatus in accordance with the fifth 
embodiment of the present invention, particularly 
illustrating by way of example that a number of 
optical fibers 10 are arranged in an eddy current- 
shaped configuration in accordance with a pre- 
determined order with an occurrence of intersection 
with the optical fibers 10 between inlet ports 33 
and outlet ports 34 thereof. When the optical fibers 
10 intersect each other between the inlet ports 33 
and the outlet ports 34 in the above-described 
manner, an emitted light 11 from an intense light 
emitting portion in a LED light source 8 and an 
emitted light 11 from a weak light emitting portion 
in the same are located adjacent to each other at 
the outlet ports 34. This makes it possible to more 
effectively eliminate fluctuation in distribution of an 
optical intensity attributable to a pattern of generat- 
ing the emitted light 11 in the LED light source 8. 

In this embodiment, the outlet ports 34 of the 
bundled optical fibers 10 located opposite to the 



light irradiating lens 9 exhibits a square contour. 
Alternatively, the contour of the outlet ports 34 may 
be circular, rectangular, elliptical, triangular or 
rhombic so that an image having a desired contour 
5 can be projected on a screen 12. 

Next, a sixth embodiment of the present inven- 
tion will be described below with reference to Rg. 
10. 

Fjg. 10 is a schematic side view of a LED light 
io irradiating apparatus in accordance with the sixth 
embodiment of the present invention, particularly 
illustrating arrangement of an optical fiber including 
a fusible type optical coupler. The left-hand end of 
the optical fiber 10 is bifurcated into two parts to 
75 , form two inlet ports 33, and an outlet port 34 is 
formed at the right-hand end of the the optical fiber 
10 as seen in the drawing. Two LED light sources 

8 are located opposite to the inlet ports 33 of the 
optical fiber 10 and a light irradiating lens 9 is 

20 located opposite to the outlet port 34 of the same 
so that an emitted light 11 from the LED light 
sources 8 is conducted to the light irradiating lens 

9 via the outlet port 34 of the optical fiber 10. The 
apex 13 of an aperture angle defined at the outlet 

25 port 34 of the optical fiber 10 is located at the 
position coincident with the focus of the light irra- 
diating lens 9. 

With the LED light irradiating apparatus con- 
structed as described above, emitted lights 1 1 out- 

30 putted from the LED light sources 8 are introduced 
into the interior of the optical fiber 10 via the two 
inlet ports 33 and then propagate through the op- 
tical fiber 10 to reach the outlet port 34 via the 
optical coupler disposed midway of the optical fiber 

35 10 while repeating reflection along the full length of 
each core portion (not shown) having a relatively 
large refractive index. Thereafter, an irradiated light 
11 A is outputted from the single outlet port 34 of 
the optical fiber 10. 

40 For example, it is assumed that the two LED 

light sources 8 have a same light emission power 
and a transmission loss caused until the emitted 
lights 1 1 reach the outlet port 34 of the optical fiber 

10 is less than 3 db. In this case, a quantity of the 
45 irradiated' light 11 A at the outlet port 34 of the 

optical fiber 10 increases much more the case 
where a single LED light source 8 is used for the 
LED irradiating apparatus. This is attributable to the 
fact that an optical fiber made of quartz normally 

50 . has a transmission loss of about 0.5 db/km and a 
transmission loss' appearing at the location where 
two lights are coupled to each other is normally 
about 1 .5 db. 

Since the emitted lights 1 1 are introduced into 

55 the optical fiber 10 with a various angle, there 
arises a difference in length of the propagation 
passage until the emitted lights 11 reach the outlet 
port 34 of the optical fiber 10, causing optical 
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phase deviation to occur with the optical fiber 10 
during propagation of the emitted lights 1 1 during 
the optical fiber 10. Thus, fluctuation in distribution 
of an optical intensity of the emitted lights 11 
attributable to a pattern of generating them at the 
LED light sources 8 is eliminated. In addition, since 
a difference in optical intensity of the emitted lights 
11 attributable to a pattern of generating them at a 
plurality of LED light sources 8 is eliminated by 
optical coupling of the emitted lights 1 1 outputted 
from the LED light sources 8. As a result, an 
irradiated light 11 B is projected onto a screen 12 or 
the like via the light irradiating lens 9 with uniform 
optical intensity. 

Since the outlet port 34 of the optical fiber 10 
is located at the position substantially coincident 
with the focus of the light irradiating lens 9, the 
irradiated light 11A is transformed via the light 
irradiating lens 9 into a substantially parallel light 
which in turn is projected onto the screen 12 or the 
like. 

In the embodiment shown in Fig. 10, the op- 
tical fiber 10 includes two inlet ports 34. Alter- 
natively, the optical fiber 10 may be subjected to 
plural bifurcating (twice bifurcating in the modified 
embodiment shown in Fig. 11). Additionally, as 
shown in Fig. 12, the optical fiber 10 may be 
divided into three or more sections on the inlet port 
34 side. 

The optical coupler should not be limited only 
to the fusible type but a bulk type may be em- 
ployed for the optical coupler. 

Next, a seventh embodiment of the present 
invention will be described below with reference to 
Fig. 13. 

Fig. 13 is a perspective view of an optical fiber 
in accordance with the seventh embodiment of the 
present invention. The optical fiber designated by 
reference numeral 10 includes a core portion 31 
having a relatively large refractive index and a 
peripheral clad portion 32 having a relatively small 
refractive index. An inlet end 33 of the optical fiber 
10 is formed at a right angle relative to an optical 
axis 14 of the optical fiber 10 and an outlet end 32 
of the same is formed by two inclined surfaces 151 
and 152 intersecting each other symmetrically rela- 
tive to the optical axis 14 of the optical fiber 10 
while exhibiting a wedge-shaped configuration. 

With the optical fiber 10 constructed as de- 
scribed above, when the optical axis 14 of the 
optical fiber 10 is laid in the horizontal direction 
with the inclined surfaces 151 and 152 intersecting 
each other at a right angle and a LED light source 
8 is disposed opposite to the inlet end 33 of the 
optical fiber so that an emitted light 11 from the 
LED light source 8 is introduced into the core 
portion 31 as shown in Fig. 14, the emitted light 11 
propagates through the optical fiber 10 to reach the 



outlet end 15 of the same, whereby it is irradiated 
toward a reflective plate 7 on the rear end of a 
motorcar 6. 

A light irradiation angle at the outlet end 15 of 
5 the optical fiber 10 is determined not only on the 
refractive index of the core portion 31 and the 
refractive index of the clad portion 32 of the optical 
fiber 10 but also on an intersection angle of the 
emitted light 11 relative to the optical axis 14 
w during propagation of the emitted light 11 through 
the optical fiber 10. When only a light component 
propagating in parallel with the optical axis through 
the optical fiber 10 is considered for the purpose of 
simplification of understanding, the light component 
75 is irradiated from the outlet end 15 without refrac- 
tion in the upward/ downward direction, because 
the inclined surfaces 151 and 152 extend in the 
vertical direction. However, a light 11C irradiated 
from the inclined surface 151 is refracted toward 
20 the inclined surface 152 side and a light 11D 
irradiated from the inclined surface 152 is refracted 
toward the inclined surface 151 side, because the 
inclined surfaces 151 and 152 are arranged sym- 
metrically relative to the optical axis 14 in the 
25 wedge-shaped configuration. Thus, both the lights 
11C and 11D irradiated from the inclined surfaces 
151 and 152 once intersect each other at the 
position located in the vicinity of the outlet end 15, 
and thereafter, as they leave the outlet end 15, 
30 they increasingly expand in the leftward/rig htward 
direction. Thus, the light 11 A irradiated from the 
outer end 15 of the optical fiber 10 is projected 
onto a reflective plate 7 on the rear end of a 
motorcar 6 within the illuminating region having a 
35 transversely elongated elliptical contour. 

The light 11 introduced into the optical fiber 10 
from the light source 8 includes not only a light 
component introduced into the inlet end 33 at a 
right angle and then propagating through the core 
40 portion 31 of the optical fiber 10 in parallel with the 
optical axis 14 to reach the outlet end 15 of the 
same but also a light component introduced, into 
the inlet end 33 at a certain angle and then propa- 
gating therethrough to reach the outlet end 33 
45 while repeating reflection along the boundary sur- 
face between the core portion 31 and the clad 
portion 32. For this reason, an irradiation angle of 
the light 11 practically irradiated from the outlet 
end 15 of the optical fiber 10 is enlarged in every 
so . direction much more than the above-considered 
case. At any rate, however, since the light 11 is 
irradiated from the outlet end 15 of the optical fiber 
10 in the transversely elongated elliptical configura- 
tion, the reflective plate 7 on the motorcar 6 run- 
55 ning ahead of the rear motorcar (not shown) can be 
illuminated at a high optically efficiency. 

As is apparent from the above description, 
when the optical fiber 10 of the present invention is 



BNSDOCID: <EP 0490292 A2 I > 



15 



EP 0 490 292 A2 



16 



used as light irradiating means for an optical radar 
system, the light irradiated from the optical fiber 10 
can illuminate the reflective plate 7 on the motorcar 
6 with a sufficient quantity of light while exhibiting 
minimized unnecessary expansion in the 
upward/downward direction but effective expansion 
in the horizontal direction, resulting in the reflective 
plate 7 on the rear end of the motorcar 6 being 
easily visually recognized by a driver on the rear 
motorcar. In addition, a distance between both the 
motorcars 6 and 7 can be measured with excellent 
efficiency by counting the time that elapses until 
the reflected light returns to the rear motorcar, by 
using suitable counting means. 

Of course, the optical fiber 10 may be bent at a 
certain intermediate position thereof. In addition, 
the optical fiber 1 0 of the present invention can be 
used not only as light irradiating means for an 
optical radar system but also as general light irra- 
diating means. It is obvious that a light irradiating 
lens may be disposed opposite to the outlet end 1 5 
of the optical fiber 10. 

As will be apparent from the above description, 
when the light source of the present invention is 
used as a light source for an optical radar system, 
a motorcar running ahead of a rear motorcar can 
reliably visually be recognized by a driver on the 
rear motorcar even when a distance between both 
the motorcars is short. In a case where the dis- 
tance between both the motorcars is long, only a 
light emitting unit located at the central part of the 
light source is required to be activated, resulting in 
an energy efficiency being improved substantially. 

In addition, with the LED light irradiating ap- 
paratus of the present invention, distribution of an 
optical intensity of the light propagating through an 
optical fiber can be uniformalized by mode junction 
and/or mode variation of the optical fiber much 
more than a case where no optical fiber is used. 
Since an irradiation angle of the light irradiated 
from the optical fiber is determined depending on 
the number of apertures and an aperture angle 
preset by the refractive index of a core portion of 
the optical fiber and the refractive index of a clad 
portion of the same, and moreover, the irradiation 
angle is hardly affected by an angle of emission of 
a light from each LED light source, a light irradia- 
tion lens system for projecting irradiated lights in 
parallel with each other can be designed and con- 
structed in a simplified manner. Another advanta- 
geous effect of the present invention is that the 
positional relationship between the light source and 
the light irradiating lens can be determined with a 
high degree of freedom. 

While the present invention has been de- 
scribed above with respect to several preferred 
embodiments thereof, it should of course be under- 
stood that the present invention should not be 



limited only to these embodiments but various 
changes or modifications may be made without 
departure from the scope of the present invention 
as defined by the appended claims. 

5 

Claims 

1. A light source (1) constituted by a plurality of 
light emitting units (2), wherein said light emit- 

io ting units (2) are arranged opposite to a light 

irradiating lens (3) such that light emission (4) 
from a part of said light source (1) can be 
changed to light emission (5) from the whole 
surface of said light source (1), and vice versa 

is . (Fig. 2). 

2. A light irradiating apparatus having a light emit- 
ting diode (8) used therefor as a light source 
(1), wherein an optical fiber (10) is laid be- 

20 tween said light emitting diode (8) and a light 

irradiating lens (9) such that a light (11) emit- 
ted from said light emitting diode (8) can be 
conducted to said light irradiating lens (9) (Fig. 
5). 

25 

3. A light irradiating apparatus having a light emit- 
ting diode (8) used therefor as a light source 
(1), wherein a plurality of optical fibers (10) are 
laid between said light emitting diode and a 

30 light irradiating lens (9) such that a light emit- 

ted from said light emitting diode can be con- 
ducted to said light irradiating lens (Fig. 7). 

4. The light irradiating apparatus as claimed in 
35 claim 2, wherein one end of said optical fiber 

(10) is located at the position in vicinity of said 
light emitting diode (8) and other end of the 
same is located at the position substantially 
coincident with the focus of said light irradiat- 
40 ing lens (9). 

5. The light irradiating apparatus as claimed in 
claim 3, wherein said plurality of optical fibers 
(10) are arranged in a laminated structure such 

45 that they do not intersect each other. 

6. The light irradiating apparatus as claimed in 
claim 3, wherein said plurality of optical fibers 
(10) are arranged in an eddy current-shaped 

so configuration such that they intersect each oth- 

er. 

7. A light irradiating apparatus having a plurality 
of light emitting diodes (8) used therefor as a 

55 light source (1), wherein an optical fiber (10) is 

divided into a plurality of optical fiber portions 
each having an inlet port (33) at the foremost 
end thereof, each of said light emitting diodes 
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(8) being located opposite to said inlet port (3) 
of each of said optical fiber portions (Figs. 10 
and 11). 

8. The light irradiating apparatus as claimed in 5 
claim 7, wherein said optical fiber (10) has a 
single outlet port (34) which is located opposite 

to a light irradiating lens (9). 

9. An optical fiber (10) employable for an optical w 
radar system, preferably for use in a light 
source or light irradiating apparatus according 

to one of the claims 1 to 8, wherein an outlet 
end of said optical fiber (10) is formed by two 
inclined surfaces (151,152) in a wedge-shaped is > 
configuration (Fig. 13). 

10. The optical fiber as claimed in claim 9, wherein 
an inlet end (33) of the optical fiber (10) is 
formed at a right angle relative to an optical 20 
axis (14) of the optical fiber. 
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0 Light irradiating apparatus having light emitting diode used as light source. 



© A light source (1) constituted by a plurality of 
light emitting units (2) which are arranged opposite 
£j to a light irradiating lens (3) such that light emission 
^ (4) from a part of the light source is changed to light 
emission (5) from the whole surface of the light 
O source and vice versa is disclosed. In addition, a 
^ light irradiating apparatus having a light emitting 
O diode used therefor as a light source wherein optical 
CD 

fiber(s) are laid between the light emitting diode and 
" a light emitting Ions such that a light emitted from 
O the light emitting diode can be conducted to the light 

O. 
UJ 



irradiating lens is disclosed. One end of each optical 
fiber is located at the position in the vicinity of the 
light emitting diode and other end of the same is 
located at the position substantially coincident with 
the focus of the light irradiating lens. Additionally, an 
optical fiber employable for an optical radar system 
wherein an outlet end of the optical fiber is formed 
by two inclined surfaces in a wedge-shaped con- 
figuration is disclosed. An inlet end of the optical 
fiber is formed at a right angle relative to an optical 
axis of the optical fiber. 
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